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1. Introduction
At RAN plenary #83 meeting, NR-V2X WID was endorsed as ‘New WID on 5G V2X with NR sidelink’. According to the WID, there were a lot of discussions on NR-V2X at the previous RAN1 meetings. In this contribution, we share our views on SL resource allocation mechanism mode 1 for NR-V2X including scheduling DCI and HARQ feedback to gNB.

2. Discussions
2.1. Scheduling DCI
· DCI format
In LTE, DCI format for SL scheduling (mode 3) is defined as a dedicated format. Similarly, for NR-SL mode 1, new DCI format will be introduced since scheduling information is much different form NR-Uu scheduling. An example is that DCI scheduling SL transmission provides resource for multiple SL transmissions. However, if payload size of the newly introduced DCI format is different from the existing DCI formats, UE needs more blind decoding to receive the new DCI format, which is undesirable. CRC-scrambling RNTI can indicate the DCI format; therefore, the same payload size as at least one of DCI formats defined in NR Rel-15 should be supported for DCI format in mode 1 scheduling.
In NR-SL mode 1, dynamic scheduling and configured grant (CG) type 1/2 are supported. DCI will be used for SL dynamic scheduling and SL CG type 2 activation/release. How to realize both scheduling mechanisms is one needed discussion and the following options are feasible.
· Alt. 1: Different DCI format
· Alt. 2: The same DCI format and differentiated by CRC-scrambling RNTI
In NR-Uu, SPS and CG type 2 are activated/released by the same DCI format as that for dynamic scheduling, where CRC-scrambling RNTI is different. That is, alt. 2 is adopted in NR Rel-15. For NR-SL, the same mechanism can be applied. For example, SL-V-RNTI is used for dynamic scheduling and SL-V-CS-RNTI is used for activation/release of SL CG type 2. 
Proposal 1:
· Payload size of DCI format for mode 1 is the same as at least one of DCI formats in NR Rel-15.
· Dynamic scheduling and activation/release of SL configured grant type 2 use the same DCI format while CRC-scrambling RNTI is different.

· Multiple SL CGs
NR-SL assumes several traffic types like eMBB traffic and URLLC traffic, which are listed in TS 22.186 [1]. A UE can support multiple services with different traffic types and they would run in the UE simultaneously. In this case, multiple active CGs are beneficial. One remaining issue is whether one DCI can activate/release multiple CGs or not. In our view, release of multiple CGs by one DCI should be supported since signaling overhead can be reduced and better resource efficiency can be achieved. When many services are used in a UE, the advantage becomes larger. Note that URLLC agenda supports this mechanism for NR-Uu [2], so details mechanism for NR-SL can follow the discussion/decision. In URLLC agenda, activation of multiple CGs by one DCI is precluded; therefore, to avoid enlarging V2X WI workload, this mechanism should be precluded for NR-SL as well.
Proposal 2:
· One DCI can release multiple active configured grants on SL.
· Detailed mechanism follows that for NR-Uu discussed in URLLC agenda.

2.2. HARQ feedback to gNB
· Feedback slot indication and PUCCH resource indication
	Agreements:
· At least for dynamic grant, the timing and resource for PUCCH used for conveying SL HARQ feedback to the gNB are based on the indication(s) in the corresponding PDCCH
· Details FFS


To support HARQ feedback to gNB, feedback slot and PUCCH resource need to be configured/indicated. At the last meeting, the above agreements were reached for dynamic grant [2]. Details for dynamic scheduling is FFS and they need to be discussed for CG as well. Firstly, let us remember the existing rule in NR Rel-15. The following rule is defined in NR Rel-15 for dynamic scheduling and SPS [3].
	· Dynamic scheduling
· Slot indication
· PDSCH-to-HARQ-timing-indicator field in DCI format 1_0/1_1 indicates slot offset k. When the corresponding PDSCH is in slot n, the corresponding HARQ-ACK is transmitted within slot n+k.
· PUCCH resource indication
· PUCCH resource indicator field in DCI format 1_0/1_1 indicates a PUCCH resource.
· SPS
· Slot indication
· For SPS reception other than release, PDSCH-to-HARQ-timing-indicator field in activation DCI indicates slot offset k. When the corresponding PDSCH is in slot n, the corresponding HARQ-ACK is transmitted within slot n+k.
· For SPS release, PDSCH-to-HARQ-timing-indicator field in activation DCI indicates slot offset k. When the PDCCH is in slot n, the corresponding HARQ-ACK is transmitted within slot n+k.
· PUCCH resource indication
· For SPS activation/release, PUCCH resource indicator field in activation/release DCI indicates a PUCCH resource.
· For SPS reception other than activation/release, higher layer parameter n1PUCCH-AN indicates a PUCCH resource.
Note that if DCI format 1_1 does not include PDSCH-to-HARQ-timing-indicator field, k is provided by higher layer parameter dl-DataToUL-ACK.
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Fig. 1: Feedback slot indication and PUCCH resource indication in NR Rel-15.
We believe that the similar mechanism should be adopted for NR-SL mode 1. That is, for dynamic SL scheduling, the scheduling DCI indicates 1) slot offset to decide feedback timing of the corresponding HARQ-ACK and 2) a PUCCH resource to transmit the corresponding HARQ-ACK to gNB (which has already been agreed). For CG type 2, activation/release DCI indicates 1) slot offset and 2) a PUCCH resource. Regarding slot offset, CG reception other than release follows the slot offset indicated by the activation DCI while CG release applies the slot offset indicated by the release DCI. For PUCCH resource, CG activation/release uses the PUCCH resource indicated by each DCI while the other CG reception follows the PUCCH resource configured by higher layer parameter e.g. SL-n1PUCCH-AN. This mechanism works well for SL as well as Uu. In our view, there is no reason to change this rule since there is no difference for ‘HARQ feedback to gNB from a UE’ between Uu and SL.
Proposal 3:
· For SL dynamic scheduling, 
· Feedback slot is determined by slot offset k indicated in the scheduling DCI.
Proposal 4:
· For SL configured grant type 2, the mechanism to indicate feedback slot and PUCCH resource is the same as that for SPS, where
· For slot indication,
· Feedback slot corresponding to CG reception other than release is determined by slot offset k indicated in the activation DCI.
· Feedback slot corresponding to CG release is determined by slot offset k indicated in the release DCI.
· For PUCCH resource indication,
· PUCCH resource corresponding to CG activation/release is determined by PUCCH resource indicator field in the activation/release DCI.
· PUCCH resource corresponding to other than CG activation/release is determined by higher layer parameter, e.g. SL-n1PUCCH-AN. 

One new thing is CG type 1. For SPS in NR Rel-15, there is no mechanism corresponding to CG type 1, i.e. configured/activated/released by RRC signalling. Rule of slot indication and PUCCH resource indication needs to be defined for CG type 1. CG type 1 is configured/activated released by RRC signalling as abovementioned; hence slot indication and PUCCH resource indication by RRC signalling is quite straightforward in our understanding. That is, slot offset is decided by higher layer parameter e.g. SLToUL-ACK and a PUCCH resource is configured by higher layer parameter SL-n1PUCCH-AN.
Proposal 5:
· For SL configured grant type 1, feedback slot and PUCCH resource is determined based on higher layer parameters, where
· Feedback slot is determined by slot offset k configured by higher layer parameter, e.g. SLToUL-ACK.
· PUCCH resource is determined by higher layer parameter, e.g. SL-n1PUCCH-AN.

· Target for slot offset indication
As abovementioned, slot offset for HARQ feedback to gNB should be indicated by SL scheduling DCI. In this case, target of the slot offset should be defined. In NR Rel-15, the indicated slot offset is gap between the scheduled PDSCH slot and the corresponding PUCCH slot as the name of DCI field implies [4]. For NR-SL, there is no PDSCH; hence, new indication target needs to be defined.
Observation 1:
· To indicate slot offset for HARQ feedback, new indication target is necessary for NR-SL, where there is no PDSCH transmission/reception.
The following options can be considered for the indication target.
· Option 1: PDCCH to PUCCH
· Option 2: PSCCH/PSSCH to PUCCH
· Option 3: PSFCH to PUCCH
Although option 1 works system, option 1 seems not preferable one. HARQ-ACK corresponding to SL transmission can be generated after SL transmission/reception. Slot between PDSCH to PSFCH is never indicated for HARQ feedback to gNB. Such wasted candidates for slot indication should be avoided to reduce PHY signaling overhead or higher layer signaling overhead. Therefore, option 2 and option 3 are preferred to option 1. For comparison between option 1 and option 2, whether PSFCH timing is known by gNB or not is key point. PSFCH timing is associated with PSCCH/PSSCH by (pre-)configuration, so when gNB schedules SL resource to transmit PSCCH/PSSCH, PSFCH timing is determined automatically and the timing is known by gNB. Based on this analysis, option 3 seems more reasonable than option 2. 
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Fig. 2: Indicated slot offset for HARQ feedback to gNB.

Proposal 6:
· Scheduling DCI indicates slot offset between corresponding PSFCH and PUCCH to transmit corresponding HARQ-ACK to gNB.

	Agreements:
· DCI indicates the slot offset between DCI reception and the first sidelink transmission scheduled by DCI.
· The minimum gap between DCI and the first scheduled sidelink transmission is not smaller than the corresponding UE processing time.
· Details FFS


At the last meeting, it was agreed that UE processing time between scheduling DCI and the first SL transmission is defined [2]. This feature is similar to PUSCH preparation time with N2 introduced in NR Rel-15 [5]. The motivation of PUSCH preparation time is to ensure PUSCH transmission since NR concept is completely flexible scheduling but PUSCH encoding needs a little time. In NR Rel-15, PDSCH processing procedure time as well as PUSCH preparation time is defined due to the same reason, i.e. PDSCH decoding and PUCCH preparation needs a little time [5]. Therefore, similar discussion should be provided for SL as well.
Observation 2:
· Processing time related SL operation corresponding to PDSCH processing time specified in NR Rel-15 should be discussed and minimum processing time should be defined.
NR-SL scheduling flow is the following:
1) DCI schedules SL resource(s) to transmit PSCCH/PSSCH
2) PSCCH/PSSCH is transmitted from TX-UE to RX-UE
3) PSFCH is transmitted from RX-UE to TX-UE
4) PUCCH is transmitted from TX-UE to gNB
As abovementioned, processing time between 1) and 2) has been agreed. Time gap between 2) and 3) is (pre-)configured, so minimum processing time is considered in the (pre-)configuration and minimum processing time will not be defined in spec. Meanwhile, processing time between 3) and 4) seems corresponding to PDSCH processing procedure time and minimum time needs to be defined. That is, for example, N4 is defined for UE PSFCH processing time in symbol level. Time gap between the last symbol of the PSFCH and the first symbol of PUCCH conveying the corresponding HARQ-ACK shall be the same as or larger than N4, which is illustrated in figure 3. Note that required time of PSFCH processing will be different from that of PDSCH processing. Defined value(s) for N4 seems different from (maybe smaller than) N1 but detailed value(s) are FFS.
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Fig. 3: PSFCH processing time.

Proposal 7:
· Define PSFCH processing time.
· Gap between PSFCH corresponding to the scheduling DCI and PUCCH conveying the corresponding HARQ-ACK is not smaller than the PSFCH processing time.

· PUCCH resource set
In NR Rel-15, up to 4 PUCCH resource sets are configured by higher layer parameter and one PUCCH resource set is decided by payload size of UCI to be multiplexed on a PUCCH resource [3]. 3-bit PUCCH resource indicator field in DCI (and CCE-index for PUCCH resource set 0 with more than 8 PUCCH resources) indicates one PUCCH resource from the decided PUCCH resource set. Figure 4 describes the indication mechanism with PUCCH resource determination to multiplex/transmit HARQ-ACK bits corresponding to multiple DCIs.
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Fig. 4: PUCCH resource determination in NR Rel-15.
As presented above, a PUCCH resource for HARQ feedback to gNB is indicated by scheduling DCI. Details of PUCCH resource indication/determination needs to be defined. We believe that the same rule as NR Rel-15 is straightforward, i.e. PUCCH resource set(s) is/are configured and one set is determined based on the payload size. DCI scheduling SL indicates one PUCCH resource from the decided PUCCH resource set. One considerable point is whether PUCCH resource set is common or independent between Uu and SL. In our view, for Uu and SL in a UE, required reliability/coverage/latency/etc. are different since provided service will be different. For example, video streaming service for entertainment is provided via Uu, where required reliability is not so high. Meanwhile, service relating extended sensors is supported via SL and the SL transmission is scheduled by gNB, where high reliability is expected. In this case, PUCCH configuration should be different between HARQ feedback for Uu and SL. Based on this analysis, the following proposal is derived.
Proposal 8:
· PUCCH resource set(s) is/are configured for SL HARQ feedback to gNB, which is/are independent of PUCCH resource set configurations for NR-Uu.

· SL HARQ-ACK multiplexing on PUSCH
In Rel-15 NR Uu, if PUCCH resource for HARQ feedback is overlapped with PUSCH in time for a given UE, it is supported that the HARQ-ACK is multiplexed with/without UL-SCH on the PUSCH [3]. The same mechanism should be supported for SL HARQ feedback to gNB since simultaneous transmission of PUCCH and PUSCH is not allowed in current NR spec., and dropping either is undesirable. That is, if PUCCH resource to transmit HARQ-ACK corresponding to SL transmission is overlapped with PUSCH in time for a given UE, the HARQ-ACK should be multiplexed with/without UL-SCH on PUSCH. The multiplexing rule of HARQ-ACK on PUSCH in NR Rel-15 can be reused for SL HARQ-ACK multiplexing on PUSCH.
Proposal 9:
· HARQ-ACK corresponding to SL transmission is multiplexed on PUSCH if PUCCH including the HARQ-ACK is overlapped with the PUSCH in time-domain.
· Multiplexing rule follows that in NR Rel-15.

· HARQ-ACK multiplexing with UCI for NR-Uu
Another issue regarding SL HARQ feedback to gNB is, multiplexing of HARQ-ACK bits corresponding to Uu transmission and SL transmission. From the conclusion, we believe that HARQ-ACK corresponding to SL transmission should not be multiplexed with HARQ-ACK corresponding to Uu transmission.
In NR Rel-15, multiple HARQ-ACK bits are multiplexed in a PUCCH/PUSCH transmission, where the HARQ-ACK bits would be transmitted in the same slot. To multiplex them, HARQ-ACK codebook mechanisms are specified in NR Rel-15 spec. with large RAN1 effort. In addition, DAI and UL DAI are defined as well. DL assignment may be missed by the UE. In this case, HARQ-ACK bit size would not be aligned between gNB and UE. To avoid the misunderstanding, DAI and UL DAI inform the UE of the number of DL assignments.
If multiplexing of HARQ-ACK bits corresponding to Uu transmission and SL transmission is supported, the above features need to be updated, which will introduce huge workload. Moreover, performance of HARQ feedback corresponding to Uu transmission may be degraded in this case, which is strongly undesirable. Therefore, HARQ-ACK corresponding to SL transmission should be reported separately from HARQ-ACK corresponding to Uu transmission. If indicated slots for HARQ feedback are the same, it is an error case. Note that, future release can support the multiplexing.
Proposal 10:
· [bookmark: _GoBack]HARQ-ACK corresponding to SL transmission is not multiplexed with HARQ-ACK corresponding to Uu transmission on a UL channel.
· i.e., indicated slots for HARQ feedback are different.

Regarding SR/CSI, it seems that there is no issue/performance loss on multiplexing between SR/CSI and HARQ-ACK corresponding to SL transmission. The same rule specified in NR Rel-15 can be reused without any change. One possible concern is the difference of performance requirement, but it can be solved by different PUCCH resource set configuration as proposed above. Mainly, PUCCH resource for HARQ feedback is used for multiplexing of HARQ-ACK and SR/CSI as table 1 [3]. Higher performance requirement of HARQ feedback corresponding to SL transmission can be ensured. Note that normally HARQ feedback will be prioritized compared to SR/CSI. URLLC-related SR/CSI can be handled by new rule defined in URLLC agenda.
Table. 1: Multiplexing rule of HARQ-ACK and SR/CSI on PUCCH in NR Rel-15.
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Proposal 11:
· HARQ-ACK corresponding to SL transmission can be multiplexed with SR/CSI on a UL channel.
· Multiplexing rule is the same as NR Rel-15, and NR Rel-16 if any.

· HARQ-ACK information to gNB
In HARQ feedback to gNB, details of HARQ-ACK information on PUCCH is one key point to be discussed. Following options can be considered.
· Option A: TX-UE forwards HARQ-ACK received from RX-UE on PSFCH
· Option B: TX-UE decides HARQ-ACK information, which can be different from the HARQ-ACK received from RX-UE on PSFCH
Option B may be beneficial if TX-UE requests more SL resource(s). NACK feedback can achieve it instead of ACK feedback + SR transmission in the next SR occasion. However, we prefer option A since this option makes system easier/better. When NACK or positive SR is received on gNB, NW can decide whether/when SL resource is scheduled in consideration of channel condition, congestion level, and so on. Then, NW may set different priority or use different mechanism for the scheduling between in case of NACK reception and in case of positive SR reception. If option B is adopted, NW needs to consider the additional case that TX-UE requests SL resource(s) for new TB transmission, and NW cannot differentiate them.
Proposal 12:
· For HARQ feedback to gNB, TX-UE forwards HARQ-ACK information received from RX-UE.

HARQ feedback on PSFCH may be disabled by (pre-)configuration. HARQ feedback rule for this case is discussed here. The following options are possible solution.
· Option X: No feedback to gNB
· Option Y: Always ACK
Supportable option depends on whether gNB knows that HARQ feedback on PSFCH is enabled or disabled. In our understanding, gNB knows it; hence option X is preferable since wasted transmissions are avoidable. Both works system but option Y introduces performance degradation from larger interference, PUCCH/PUSCH collisions, transmit power sharing, etc. No gain seems provided by option Y.
Proposal 13:
· HARQ-ACK corresponding to SL transmission is not transmitted to gNB when HARQ feedback on SL is disabled.

3. Conclusion
In this contribution, we discussed SL RA mechanism mode 1 for NR V2X. Proposals are summarized as following: 
Proposal 1:
· Payload size of DCI format for mode 1 is the same as at least one of DCI formats in NR Rel-15.
· Dynamic scheduling and activation/release of SL configured grant type 2 use the same DCI format while CRC-scrambling RNTI is different.
Proposal 2:
· One DCI can release multiple active configured grants on SL.
· Detailed mechanism follows that for NR-Uu discussed in URLLC agenda.
Proposal 3:
· For SL dynamic scheduling, 
· Feedback slot is determined by slot offset k indicated in the scheduling DCI.
Proposal 4:
· For SL configured grant type 2, the mechanism to indicate feedback slot and PUCCH resource is the same as that for SPS, where
· For slot indication,
· Feedback slot corresponding to CG reception other than release is determined by slot offset k indicated in the activation DCI.
· Feedback slot corresponding to CG release is determined by slot offset k indicated in the release DCI.
· For PUCCH resource indication,
· PUCCH resource corresponding to CG activation/release is determined by PUCCH resource indicator field in the activation/release DCI.
· PUCCH resource corresponding to other than CG activation/release is determined by higher layer parameter, e.g. SL-n1PUCCH-AN. 
Proposal 5:
· For SL configured grant type 1, feedback slot and PUCCH resource is determined based on higher layer parameters, where
· Feedback slot is determined by slot offset k configured by higher layer parameter, e.g. SLToUL-ACK.
· PUCCH resource is determined by higher layer parameter, e.g. SL-n1PUCCH-AN.
Observation 1:
· To indicate slot offset for HARQ feedback, new indication target is necessary for NR-SL, where there is no PDSCH transmission/reception.
Proposal 6:
· Scheduling DCI indicates slot offset between corresponding PSFCH and PUCCH to transmit corresponding HARQ-ACK to gNB.
Observation 2:
· Processing time related SL operation corresponding to PDSCH processing time specified in NR Rel-15 should be discussed and minimum processing time should be defined.
Proposal 7:
· Define PSFCH processing time.
· Gap between PSFCH corresponding to the scheduling DCI and PUCCH conveying the corresponding HARQ-ACK is not smaller than the PSFCH processing time.
Proposal 8:
· PUCCH resource set(s) is/are configured for SL HARQ feedback to gNB, which is/are independent of PUCCH resource set configurations for NR-Uu.
Proposal 9:
· HARQ-ACK corresponding to SL transmission is multiplexed on PUSCH if PUCCH including the HARQ-ACK is overlapped with the PUSCH in time-domain.
· Multiplexing rule follows that in NR Rel-15.
Proposal 10:
· HARQ-ACK corresponding to SL transmission is not multiplexed with HARQ-ACK corresponding to Uu transmission on a UL channel.
· i.e., Indicated slots for HARQ feedback are different.
Proposal 11:
· HARQ-ACK corresponding to SL transmission can be multiplexed with SR/CSI on a UL channel.
· Multiplexing rule is the same as NR Rel-15, and NR Rel-16 if any.
Proposal 12:
· For HARQ feedback to gNB, TX-UE forwards HARQ-ACK information received from RX-UE.
Proposal 13:
· HARQ-ACK corresponding to SL transmission is not transmitted to gNB when HARQ feedback on SL is disabled.
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